PRINT MASK AND METHOD OF MANUFACTURING ELECTRONIC COMPONENTS 
USING THE SAME 

BACKGROUND OF THE INVENTION 
5 1. Field of the Invention 

The present invention relates to a print mask for screen 
printing used for printing a printing paste onto a wafer so 
as to form bumps or protrusion electrodes on barrier metal 
layers provided on the wafer. The present invention includes 
10 a method of electronic components by using the print mask, 
and relates particularly to a method of manufacturing a 
flip-chip integrated circuit that is mounted on a circuit board 
by face -down bonding. 

15 2. Description of the Related Art 

Conventional assembling integrated circuits includes 
face-down bonding method that mounts the integrated circuits 
on the top surface of a circuit board having a circuit pattern 
so that circuits forming surface of the integrated circuit 

20 face the surface of the circuit board, and connects the 
integrated circuits and the circuit board by means of leads. 

Integrated circuits that are mounted by face-down 
bonding are called the flip-chip integrated circuit, of which 
terminals have generally been connected to the circuit pattern 

25 of the circuit board by means of solder or an electrically 
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conductive adhesive. 

One of the conventional flip-chip integrated circuits 
has such a constitution as a plurality of barrier metal layers 
made of nickel or the like are formed as pad electrodes on 
5 one of the principal planes of a semiconductor wafer, and 
electrodes consisting of solder bumps are selectively formed 
on the barrier metal layers. Assembling of this flip-chip 
integrated circuit on a circuit board is carried out by 
positioning the solder bumps of the flip-chip integrated 

10 circuit on the pad electrodes so as to oppose the corresponding 
circuit pattern provided on the circuit board, mounting the 
flip-chip integrated circuit on the circuit board and heating 
the solder bumps to a high temperature so as to melt, thereby 
soldering the barrier metal layers of the flip-chip integrated 

15 circuit onto the circuit pattern provided on the circuit board. 

Such a flip-chip integrated circuit is usually 
manufactured in a process as described below (refer to Fig. 
4 through Fig. 6) . 

(1) A semiconductor wafer 11 is prepared so that a plurality 
20 of barrier metal layers 13 are disposed in linear arrangement 
on the integrated circuit forming surface of the semiconductor 
wafer, circuit pattern lines 12 are provided between adjacent 
barrier metal layers 13, and covering the circuit pattern lines 
12 with passivation layer 14. The circuit pattern lines 12 
25 function as power feeder wires that supply electric power and 
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electrical signals to the semiconductor elements formed on 
the semiconductor wafer 11, and are usually formed from a 
metallic material such as aluminum in a pattern line 
perpendicular to the direction of arranging the barrier metal 
layers 13 . 

(2) Aprint mask 16 is prepared, the print maskhavingaplurality 
of elongated perforations 17, which are larger than the outer 
diameter of the barrier metal layers, formed in one-to-one 
correspondence to the barrier metal layers 13. 

(3) The print mask 16 is placed on or above the semiconductor 
wafer 11, so that the perforations 17 are positioned on or 
above the barrier metal layers 13 . 

(4) A solder paste 15 is supplied onto the print mask 16, a 
squeegee is pressed against the print mask 16 to move the solder 
paste in a predetermined direction, so as to print the solder 
paste 15 via the perforations 17 onto the barrier metal layers 
13. 

(5) The semiconductor wafer is heated so as to melt the solder 
paste 15 that has been applied, thereby to form spherical solder 
bumps on the barrier metal layers 13. By dicing the 
semiconductor wafer 11 into chips of predetermined shape, a 
number of flip-chip integrated circuits are completed. 

The elongated perforations 17 are disposed in linear 
arrangement in the print mask 16, while the edges of the 
perforations 17 along longitudinal direction thereof are 



disposed perpendicular to the direction of the row of 
perforations 17. This means that, when the print mask 16 is 
placed on or above the semiconductor wafer 11, the edges of 
the perforations 17 are disposed substantially in parallel 
5 to the circuit pattern lines provided between the adjacent 
barrier metal layers 13 (refer to Fig. 4) . 

It has been known to form a plurality of rows of 
perforations 17a, 17b, 17c by disposing a number of perforation 
17 in linear arrangement on a mask sheet 8 that is made of 

10 stainless steel or the like as shown in Fig. 10, so as to form 
solder bumps for flip-chip ICs by using the mask for screen 
printing. In this example, the perforation 17 that constitute 
three rows of perforations 17a, 17b, 17c are disposed with 
a density which is predetermined for each row of the 

15 perforations in correspondence to the barrier metal layers 
provided on the silicon substrate, while the opening area is 
made substantially equal among the rows of perforations 17a, 
17b, 17c. 

The circuit pattern lines 12 provided between the 
20 adjacent barrier metal layers 13 on the semiconductor wafer 
11 have predetermined thickness (for example, 0.5 to 1.5 }i 
m) , and the passivation layer 14 that covers the circuit pattern 
lines 12 is provided with protrusions 14a or steps formed on 
the surface thereof so as to protrude in a configuration 
25 corresponding to the thickness and profile of the circuit 
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pattern lines 12 . When the print mask 16 is placed on or above 
the semiconductor wafer 11 having such protrusions 14a, the 
edges of the perforations along longitudinal direction thereof 
are often positioned on corners located at the bases of the 
5 protrusions 14a of the passivation layer 14. Squeezing the 
print mask 16 so as to press against the semiconductor wafer 
11 under this conditions causes the edges of the perforations 
17 to collide against into the corner, resulting in damage 
on the surface of the passivation layer 14 (refer to Fig. 5, 

10 Fig. 6) . This gives rise to the possibility of degrading the 
sealing performance of the passivation layer 14, which leads 
to corrosion of the circuit pattern lines 12 due to moisture 
in the atmosphere or other causes. This problem has been 
conspicuous in such a case as the edges of the perforations 

15 17 along longitudinal direction thereof is straight. 

In a print mask of the configuration shown in Fig. 10, 
when solder paste placed on the mask is moved by a squeegee 
over a certain distance, the solder paste located on the mask 
in the vicinity of the row of perforations 17a having a high 

20 density of arrangement of the perforations 17 experiences 
flow-out onto the barrier metal layers a larger number of times 
than the solder paste located on the mask in the vicinity of 
the rows of perforations 17b and 17c where the density of 
perforations is lower than that of the row of perforations 

25 17a. Such a frequent flow-out of the solder paste causes 
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vigorous rotation and flow of the solder paste itself on the 
mask, which tend to make the viscosity of the solder paste 
located in the vicinity of the row of perforations 17a lower 
than that of the solder paste located in the vicinity of other 
5 rows of perforations. 

As a result, there has been such a problem that the 
quantity of solder paste 50 applied onto the barrier metal 
layers tends to be larger in the row of perforations 17a than 
in the rows of perforations 17b and 17c, thus generating 
10 variations inthe sizeof the solderbumps . The side variations 
of the solder bumps results in a decrease in the strength of 
boarding the flip-chip ICs on the circuit board due to tilting 
of those ICs when mounting the those ICs on the circuit board. 

15 SUMMARY OF THE INVENTION 

An object of the present invention is to provide a print 
mask capable of effectively preventing the surface of a 
passivation layer from being damaged during printing of paste, 
. and to provide a method of manufacturing a flip-chip integrated 
20 circuit without causing damage on the surface of the 
passivation layer by using the print mask. 

Another object of the present invention is to provide 
a high quality mask for screen printing capable of forming 
bumps of substantially the same sizes, and a method of 
25 manufacturing electronic components by using the mask for 
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screen printing. 

According to the present invention, the print mask 
comprising a plurality of elongated perforations arranged 
therein is used for applying a paste via the perforations onto 
5 an object to be printed, wherein the edges of the perforations 
along the longitudinal direction thereof is inclined with 
respect to the direction perpendicular to the direction of 
arranging the perforations. 

The angle of inclination of the perfprations mask is 
10 preferably such that the edges of the perforations along the 
longitudinal direction thereof is inclined by an angle from 
5 to 45° from the direction perpendicular to the direction 
of arranging the perforations. 

In the print mask of the present invention, the edges 
15 of the perforations along the longitudinal direction thereof 
are preferably straight. Particularly, a print mask having 
a number of perforations disposed in linear arrangement can 
be used . Such a print mask can be used widely for manufacturing 
flip-chip integrated circuits in the field of integrated 
20 circuit manufacture. 

The method of manufacturing the flip-chip integrated 
circuit includes the following steps . A plurality of barrier 
metal layers are arranged planer geometrically on the top 
surface of a semiconductor wafer, circuit pattern lines are 
25 provided between adjacent barrier metal layers, and a 
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passivation layer is formed to cover the circuit pattern lines . 
A print mask having a number of elongated perforations is 
prepared in correspondence to the barrier metal layers . In 
the next process , the perforations of the print mask are placed 
5 on or above the barrier metal layers so that the edges of the 
perforations along the longitudinal direction thereof are 
inclined against the circuit pattern lines that are provided 
between the adjacent barrier metal layers. A paste supplied 
onto the print mask is printed onto the barrier metal layers 

10 via the perforations, followed by the formation of bumps by 
heating the paste applied onto the barrier metal layer. 

According to the present invention, since the edges of 
the perforations along the longitudinal direction thereof is 
inclined with respect to the direction perpendicular to the 

15 direction of arranging the perforations in the print mask 
having the plurality of elongated perforations disposed 
therein, the edges of the perforations along the longitudinal 
direction thereof are disposed so as to be inclined with respect 
to the circuit pattern lines provided between the barrier metal 

20 layers, when the print mask is placed on or above the 
semiconductor wafer that has the barrier metal layers that 
correspond to the perforations. 

As a result, such a trouble can be prevented from 
occurring, as the edges of the perforations of the print mask 

25 collide against the corners located at the bases of the 
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protrusions of the passivation layer that are formed in 
correspondence to the configuration of the circuit pattern 
lines , thereby to cause damage on the surface of the passivation 
layer, even when the print mask is pressed against the 
5 semiconductor wafer during printing of the paste. Thus 
sealingperf ormance of the passivation layer is satisfactorily 
maintained and the problems including the erosion of the 
circuit pattern lines can be solved. 

The present invention is particularly effective in case 

10 the edges of the perforations along the longitudinal direction 
thereof are straight. 

In another aspect of the present invention, such a print 
mask is provided as a number of perforations are disposed in 
a single row or a plurality of rows so as to apply a solder 

15 paste via the perforations onto a wafer and formbumps onbarrier 
metal layers provided on the wafer, wherein density of 
arrangement of the perforations varies depending on the region 
of arrangement and opening area of perforations is set smaller 
in a region of arrangement having higher density of arrangement 

20 of the perforations. 

Preferably, the perf orat ions are disposed in a plurality 
of rows, and the density of arrangement of the perforations 
is set individually for each row. The plurality of rows of 
the perforations are preferably disposed substantially in 

25 parallel to each other. 
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A method of manufacturing electronic components 
according to another embodiment of the present invention 
comprises placing a printing paste on the mask for screen 
printing described above, moving the printing paste in the 
5 direction along the row of the perforations so as to apply 
the printing paste via the perforations onto the barrier metal 
layers that are located right below the perforations, and 
forming bumps on the barrier metal layers. 

According to the present invention, since the opening 
10 area of the perforations formed in the mask for screen printing 
is made smaller in a region of arrangement having a higher 
density of arrangement of the perforations, quantity of the 
printing paste applied onto the barrier metal layers can be 
made substantially equal for all the perforations, even when 
15 viscosity of the printing paste located in the vicinity of 
a region having a higher density of arrangement of the 
perforations becomes lower than that of the printing paste 
located at other portions of the print mask, thus making it 
possible to provide an electronic component, particularly a 
20 f lip-chip IC, having high assemblingperformance by equalizing 
the sizes of the bumps formed on the barrier metal layers of 
the electronic component. 

BRIEF DESCRIPTION OF THE DRAWINGS 
25 Fig. 1 is a plan view of a print mask according to one 
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embodiment of the present invention. 

Fig. 2 is a sectional view of a flip-chip integrated 
circuit manufactured by a method of manufacturing the flip-chip 
integrated circuit according to one embodiment of the present 
5 invention. 

Fig. 3 is a plan view showing the positional relationship 
between a semiconductor wafer and the print mask placed thereon 
during manufacture of the flip-chip integrated circuit of Fig . 
2 . 

10 Fig. 4 is a plan view showing the positional relationship 

between a semiconductor wafer and the print mask placed thereon 
during manufacture of the flip-chip integrated circuit of the 
prior art. 

Fig . 5 shows a printing process of forming a solder paste 
15 for the flip-chip integrated circuit of the prior art. 

Fig . 6 shows a printing process of forming a solder paste 
for the flip-chip integrated circuit of the prior art. 

Fig. 7 is a plan view of a mask for screen printing 
according to one embodiment of the present invention. 
20 Fig . 8A through 8C show processes of forming solder bumps 

on barrier metal layers of a flip-chip IC using the mask for 
screen printing shown in Fig. 1. 

Fig. 9 is a plan view of a mask for screen printing 
according to another embodiment of the present invention. 
25 Fig. 10 is a plan view of a mask for screen printing 
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of the prior art . 

PREFERRED EMBODIMENTS OF THE INVENTION 
Description of print mask 

A print mask 6 of first embodiment of the present 
invention has such a structure as a number of perforations 
7 are arranged in a sheet-like mask body 8 as shown in Fig. 
1 . The mask body 8 is a thin sheet made of a metallic material, 
resin or a combination thereof, and usually has a rectangular 
profile . 

The metallic material that makes the mask body 8 may 
be aluminum alloy, stainless steel, Ni alloy, Cr alloy or the 
like. The resin material for the mask may be polyimide, 
polyester, epoxy, polycarbonate, polyethylene, polyethylene 
terephthalate (PET), polypropylene or the like. 

The mask body 8 is formed in a sheet from these materials . 
The thickness of the sheet is preferably from 20 to 80 /zm. 

As another example, the mask body may be made of a 
composite material, such that comprises a wire mesh and a 
hardened insulating emulsified material applied to the wire 
mesh and hardened, which is molded into the print mask. 

The metal sheet or the wire mesh of the mask body has 
a number of perforations 7 formed therein in a predetermined 
pattern. The plurality of perforations 7 formed in the mask 
body 8 are disposed in a linear arrangement with a density 
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of, for example, 100 to 300 dots per inch, in a single row 
or a plurality of rows. 

The perforations 7 are formed in elongated shape such 
as elongated ellipse, rectangle or parallelogram, in such a 
5 way as the edges 71 of the perforations along the longitudinal 
direction thereof are disposed in a straight line. 

The perforations 7 are through holes that penetrate the 
mask body 8 in the direction of thickness, through which an 
electrically conductive paste such as solder paste or silver 
10 epoxy placed on the mask body 8 is allowed to pass during printing 
operation. 

Of the mask body 8 comprising the wire mesh described 
above, areas not covered by the emulsified material are used 
as the perforations 7. 

15 The perforations 7 preferably have surface roughness 

of 1.0 /im or less in terms of arithmetic mean roughness Ra 
on the inner circumference thereof, in order to ensure 
satisfactory application of the paste onto the object of 
printing. When the surface roughness Ra is larger than 1.0 

20 ^m on the inner circumference of the perforations 7, it is 
difficult to transfer the paste sat isfactorily onto the object 
of printing, especially in case the perforation 7 has a small 
area of 10000 /im 2 or less. Lower limit of the surf ace roughness 
on the inner circumference of the perforations 7 is preferably 

25 0.05 /im in terms of arithmetic mean roughness Ra. When the 
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surface roughness of the perforations 7 is less than 0.05 jjl 
m, yield of production of the print mask 6 may decrease. 

Size of the perforation 7 may be, for example, 80 to 
150 jum in length and 60 to 100 fim in width, but is preferably 
5 wider than a portion of the object of printing which is to 
be coated with the paste (for example, the barrier metal layer) . 

The print mask 6 is formed, in case it is made of Ni 
alloy, for example, by the additive process that is well known 
in the prior art, wherein a photosensitive resin is applied 

10 in a form of sheet, the photosensitive resin is patterned to 
remove portions other than those that correspond to the 
perforations 7 by employing the photolithography technology 
which is well known in the prior art, then the portions from 
which the photosensitive resin has been removed are coated 

15 with nickel plating by employing eletroplat ing or electroless 
plating process well known in the prior art, and removing the 
photosensitive resin. 

The print mask 6 may also be made of polyimide resin. 
In this case, the print mask 6 is formed, for example, by applying 

20 a precursor of polyimide resin in the form of sheet by screen 
printing process, baking the sheet and forming holes that 
correspond to the perforations 7 by laser machining well known 
in the prior art . 

While the print mask 6 may be formed by another 

25 manufacturing method, the additive process method can be 
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applied to a fine pattern wherein the perforation 7 has a small 
area of 10000 /zm 2 or less, and therefore the mask body is 
preferably made of Ni alloy, Cr alloy or the like. 
Flip-chip integrated circuit 
5 The flip- chip integrated circuit shown in Fig. 2 wherein 

the bumps are formed by using the print mask 6 described above 
has such a constitution as the circuit pattern lines 2, the 
barrier metal layers 3, the passivation layer 4, the bumps 
5, etc. are provided on the semiconductor wafer 1. 

10 The semiconductor wafer 1 is made of a semiconductor 

material such as single crystal silicon and functions as a 
support base that supports semiconductor elements (not shown) , 
the circuit pattern lines 2, the barrier metal layers 3, the 
passivation layer 4, etc. that are formed thereon. 

15 The semiconductor wafer 1 is made by slicing a single 

crystal ingot formed by, for example, Czochralski method 
(pulling method) that is known in the prior art, into a plate 
having a predetermined thickness, polishing the surface of 
the plate and forming an insulating f ilmover the entire surface 

20 of the plate by the thermal oxidation process known in the 
prior art. 

The circuit pattern lines 2 provided on the semiconductor 
wafer 1 are formed from a metallic material such as aluminum 
(Al) or copper (Cu) with a thickness of 0.5 to 1.5 /xm, and 
25 function as power feeder wires that supply electric power and 
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electrical signals from the outside to the semiconductor 
elements not shown in the drawing. The circuit pattern lines 
2 are formed in a predetermined pattern on the top surface 
of the semiconductor wafer 1 by a known process such as 
5 sputtering, photolithography or etching. 

A plurality of barrier metal layers 3 are formed planar 
geometrically on part of the top surface of the circuit pattern 
lines 2 so as to be arranged in a straight line along the edge 
of the semiconductor wafer 1 . Interposed between the adjacent 

10 barrier metal layers are part of the circuit pattern lines 
2 in a direction perpendicular to the direction of arranging 
the barrier metal layers 3 . 

The barrier metal layers 3 are provided for the purpose 
of effectively preventing the erosion of the aluminum or the 

15 like that constitutes the circuit pattern lines 2 due tomelting 
of the bumps 5 provided on the barrier metal layer 3, when 
the flip-chip integrated circuit is mounted on the circuit 
board. The barrier metal layers 3 are made in multi- layer 
structure of metals , with the top layer being made of a material 

20 that can be well wetted by the material making the bumps 5. 

As such a multi -layer structure, three- layer structure 
of zinc (Zn) , nickel (Ni) and gold (Au) stacked in this order 
from the side of the semiconductor wafer 1, for example, is 
used. Other possible structures include 2-layer structure 

25 of zinc (Zn) and nickel (Ni) , three-layer structure of 
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palladium (Pd) , nickel (Ni) and gold (Au) and 2 -layer structure 
of palladium (Pd) and nickel (Ni) . 

In the region of the wafer surface where the barrier 
metal layers 3 are not occupied, the passivation layer 4 is 
5 deposited made of an electrically insulating material such 
as silicon nitride (Si 3 N 4 ) , silicon oxide (Si0 2 ) or polyimide 
so as to cover the circuit pattern lines 2 and semiconductor 
elements not shown. 

The barrier metal layers 3 are formed, after forming 
10 the passivation layer 4 on the wafer, on part of the top surface 
of the circuit pattern lines 2 where the passivation layer 
4 has not been formed. In the case of three- layer structure 
of zinc (Zn) , nickel (Ni) and gold (Au) , zinc (Zn) , nickel 
(Ni) and gold (Au) are deposited successively on part of the 
15 top surface of the circuit pattern lines 2 by a known process 
such as electroless plating, so as to form a cylindrical shape. 

The passivation layer 4 satisfactorily protects the 
semiconductor devices and the circuit pattern lines 2 from 
air, so as to effectively prevent the semiconductor element 
20 and the circuit pattern lines 2 from being corroded through 
contact with moisture and other materials. 

The passivation layer 4 has protrusion4a, relief, 
protruding upward in a configuration corresponding to the 
thickness and profile of the circuit pattern lines 2 provided 
25 between the barrier metal layers 3, the protrusion 4a being 
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disposed along the circuit pattern lines 2. 

The passivation layer 4 is formed with a thickness of 
0.5 to 3.0 Mm on the top surface of the semiconductor wafer 
1 by a known process such as sputtering, photolithography or 
5 etching. 

Formed on the top surface of the barrier metal layers 
3 are bumps 5 having spherical shape . 

The bumps 5 are heated to melt when the flip-chip 
integrated circuit is mounted on the circuit board, so as to 
10 electrically and mechanically connect the barrier metal layers 
3 of the flip-chip integrated circuit and the circuit pattern 
formed on the circuit board, and are formed from an electrically 
conductive material such as a solder made by mixing tin (Sn) , 
silver (Ag) and copper (Cu) in proportions of 96.5: 3.0: 0.5 
15 followed by melting and solidification, or silver epoxy. 
Method of manufacturing flip-chip integrated circuit 

Now a method of manufacturing the flip-chip integrated 
circuit will be described below. 

(1) The semiconductor wafer 1 having the circuit pattern lines 
20 2 , the barrier metal layers 3 and the passivation layer 4 formed 
on the top surface thereof, the print mask 6 and paste are 
prepared. For the paste, an electrically conductive paste 
such as a solder paste made by mixing a large number of solder 
particles with a flux and other components and adjusted to 
25 obtain a predetermined viscosity, or silver epoxy is preferably 
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used. 

(2) The print mask 6 is placed on or above the semiconductor 
wafer 1. While the print mask 6 is disposed so that the 
perforations 7 are positioned right above the corresponding 

5 barrier metal layers 3 provided on the semiconductor wafer 
1, since the edges of the perforations along the longitudinal 
direction thereof are inclined with respect to the direction 
perpendicular to the direction of arranging the perforations 
7, the edges of the perforations 7 are disposed to be inclined 

10 with respect to the circuit pattern lines 2 provided between 
the adjacent barrier metal layers 3 (refer to Fig. 3) . As 
a result, the edges of the perforations 7 are inclined with 
respect to the protrusion 4a on the surface of the passivation 
layer, so that part of the edges of the perforations 7 is 

15 supported on the surface of the protrusion 4a. 

(3) The paste is supplied onto the print mask 6, a squeegee 
or other pressing means (squeegee in this embodiment) is 
pressed against the print mask 6 and is moved so as to apply 
the paste via the perforations 7 onto the barrier metal layers 

20 3 . Although the print mask 6, is pressed by the pressing means 
such as the squeegee hard against the semiconductor wafer 1, 
since the edges of the perforations 7 along the longitudinal 
direction thereof are disposed to be inclined with respect 
to the circuit pattern lines 2 as described previously, part 

25 of the edges 71 of the perforations 7 are supported on the 
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surface of the protrusion 4a so that such a trouble as most 
of the edges 71 of the perforations 7 eat into the corners 
in the vicinity of the protrusion 4a of the passivation layer 
4 (corner between the side face of the protrusion 4a and the 
5 flat portion of the passivation layer 4) resulting in 
significant damage on the surface of the passivation layer 
4 can be effectively prevented. Thus sealing performance of 
the passivation layer 4 is satisfactorily maintained and the 
problems including the erosion of the circuit pattern lines 

10 2 can be solved. 

The angle a of inclination of the edges 71 of the 
perforations 7 along the longitudinal direction thereof with 
respect to the circuit pattern lines 2 is preferably set in 
a range from 5 to 45°. When the angle a of inclination is 

15 less than 5°, the surface area of the protrusion 4a of the 
passivation layer 4 that supports the edges 71 of the 
perforations 7 becomes so small as to allow the surface of 
the passivation layer 4 to be damaged when the print mask 6 
is pressed particularly hard against the semiconductor wafer 

20 1. When the angle a of inclination is larger than 45° , patches 
of paste 5' located at adjacent areas become more likely to 
make contact with each other, thus making it difficult to 
arrange the perforations 7 with a high density. Thus angle 
a of inclination of the edges 71 of the perforations 7 with 

25 respect to the circuit pattern lines 2 is preferably set in 
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a range from 5 to 45°, and more preferably set within 30° in 
view of high density arrangement of the perforations 7. 

It is also preferable to incline the edges 71 of the 
perforations 7 with respect to the circuit connections 2 so 
5 as to support at least one of a pair of edges 71 of the 
perforations 7 along longitudinal direction thereof with at 
least two protrusions 4a, in order to prevent damage from being 
caused on the passivation layer 4 . More preferably, the edges 
71 of the perforations 7 is inclined with respect to the circuit 

10 pattern lines 2 so that both of the pair of edges 71 of the 
perforations 7 along the longitudinal direction thereof are 
each supported by at least two protrusions 4a. 
(4) The paste applied onto the barrier metal layers 3 is dried, 
then melted so that the particles included in the paste fuse 

15 with each other, and is cooled so that spherical bumps 5 having 
substantially the same sizes are formed on the barrier metal 
layers 3 . 

According to the present invention, in the print mask 
having the plurality of elongated perforations are disposed 

20 therein, since the edges of the perforations along the 
longitudinal direction thereof is inclined with respect to 
the direction perpendicular to the direction of arranging the 
perforations, the edges of the perforations along the 
longitudinal direction thereof are disposed to be inclined 

25 with respect to the circuit pattern lines provided between 



-21- 



the adj acent barrier metal layers when the print mask is placed 
on or above the semiconductor wafer that has the barrier metal 
layers which correspond to the perforations. As a result, 
such a trouble can be prevented from occurring, as the edges 
5 of the perforations of the print mask collide against the 
corners located at the bases of the protrusions of the 
passivation layer that is formed in correspondence to the 
configuration of the circuit pattern lines thereby to cause 
damage on the surface of the passivation layer, even when the 

10 print mask is pressed against the semiconductor wafer. Thus 
sealingperf ormance of the passivation layer is satisfactorily 
maintained and the problems including the corrosion of the 
circuit pattern lines can be solved. 

In the second embodiment, the print mask 6 is made in 

15 a thin sheet, as shown in Fig. 7, from a metallic material 
such as aluminum, stainless steel or Ni alloy, or a synthetic 
resin. The print mask 6 has a thickness in a range from 2 0 
to 80 //m, and a number of perforations (through holes) 7 are 
formed in a predetermined pattern in a metal sheet (mask body) 

20 8. 

In examples described below, the print mask 6 supports 
a printing paste such as solder paste 50 that is placed on 
the top surface thereof during screen printing operation. 
The plurality of perforations 7 are provided for the 
25 purpose of applying the solder paste 50 placed on the metal 
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sheet 8 onto the barrier metal layers located right below the 
perforations 7, and are formed so as to penetrate the metal 
sheet 8 in the direction of thickness thereof. 

The plurality of perforations 7, each having various 
5 shapes such as circle, ellipse, elongated ellipse or polygon, 
are formed in a plurality of rows on the metal sheet 8 
constituting a plurality of rows of perforations 7a, 7b and 
7c. 

In Fig. 7, the plurality of rows of perforations 7a, 

10 7b, 7c are disposed substantially in parallel to each other 
and density of the perforations 7 is set individually for each 
of the plurality of rows of perforations 7a, 7b, 7c, with the 
density being different among the rows of perforations. In 
the illustrated embodiment, the density of the perforations 

15 are different among the rows of perforations. 

What is important here is that the opening area of the 
plurality of perforations 7 is made smaller in a region of 
arrangement having higher density of arrangement of the 
perforations 7, i.e., in the row having larger perforation 

20, density. In case the density of arrangement of the 
perforations 7 is set at 80 to 90 dots per cm in the row of 
perforations 7a, 50 to 60 dots per cm in the row of perforations 
7b and 10 to 15 dots per cm in the row of perforations 7c, 
for example, opening area of the perforation 7 is set at 7850 

25 to 7950 jim 2 for the row of perforations 7a, 8400 to 8500 \x 
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m 2 for the row of perforations 7b and 8800 to 8900 /x m 2 for 
the row of perforations 7c. 

In consequence, when forming the solder bumps by using 
the mask for screen printing on the barrier metal layers 
5 provided on the circuit board, quantity of the solder paste 
50 applied onto the barrier metal layers 8 can be made 
substantially equal among the rows of perforations 7a, 7b, 
7c, even when the row of perforations 7a has higher density 
of arrangement of the perforations 7 than that near the row 

10 of perforations 7b, 7c, where the solder paste 50 located in 
the vicinity of the row of perforations 7a experiences vigorous 
rotation and flow of the solder paste itself on the mask 
resulting in lower viscosity than that of the solder paste 
50 located in the vicinity of the row of perforations 7b, 7c 

15 as the solder paste 50 placed on the metal sheet 8 is moved 
by means of the squeegee. Therefore, the sizes of the solder 
bumps formed on the barrier metal layers of the electronic 
components can be equalized, and electronic components of high 
quality is provided. 

20 Making all the perforations 7 in substantially similar 

shape has such an advantage as the shapes of the solder bumps 
can be made substantially the same in all the rows of 
perforations 7a, 7b, 7c. 

The metal sheet 8 and the plurality of perforations 7 

25 may be formed by employing the additive process which is known 
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in the prior art in case the metal sheet 8 is made of an Ni 
alloy. 

Now a method of forming the solder bumps of electronic 
components using the mask for screen printing described above 
5 will be described in detail below with reference to Fig. 8A 
and Fig. 8B, by taking a flip-chip IC as an example. 
(1) First, with reference to Fig. 8A, a substrate a wafer 1 
as the object of printing, the solder paste 50 and the 
screen-print mask 6 are prepared. The substrate 1 has the 

10 circuit pattern 2 made of aluminum or other material, 
semiconductor elements and the like packaged with a high 
density on one principal surface of a plate made of single 
crystal silicon or the like, while a number of barrier metal 
layers 3 are formed on the circuit pattern 2 and the passivation 

15 layer 4 is formed on a region where the barrier metal layers 
3 are not formed. The plurality of barrier metal layers 3 
are formed with a density that is predetermined individually 
for each rows and in one-to-one correspondence to the 
perforations 7 of the screen-print mask 6, each of which made 

20 in three-layer structure of zinc (Zn) , nickel (Ni) and gold 
(Au) stacked in this order and the passivation layer 4 is formed 
from an electrically insulating material such as silicon 
nitride (Si 3 N 4 ) in the region where the barrier metal layers 
3 are not formed, as described previously. The barrier metal 

25 layer 3 may be formed by the known electroless plating process , 
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and the passivation layer 4 may be formed in a predetermined 
patternbyaknownprocess suchas sputtering, photolithography 
or etching. For the solder paste 50, one made by mixing a 
large number of solder particles with a flux and other 
5 components and adjusted to obtain a predetermined viscosity 
is preferably used. 

(2) The substrate 1 is placed and fixed on a stage of a screen 
printing apparatus, and the screen-print mask 6 prepared in 
step (1) is aligned with the substrate 1 (Fig. 8A) . The 

10 screen-print mask 6 is placed so that the plurality of 
perforations 7 are located right above the corresponding 
barrier metal layers 3 provided on the substrate 1. 

(3) Then as shown in Fig. 8B, the solder paste 50 prepared 
in step (1) and the squeegee are placed on the screen-print 

15 mask 6, the squeegee is moved across the rows of perforations 
7a, 7b, 7c with the squeegee pressed against the screen-print 
mask 6 so that the edge of the squeegee makes contact with 
the mask, thereby to apply the solder paste 50 via the 
perforations 7 of the screen-print mask 6 onto the barrier 

20 metal layers 3 and carry out printing. At this time, since 
the perforations 7 of the screen-print mask 6 are formed so 
that the opening area of the perforation 7 is made smaller 
in a region of arrangement having higher density of arrangement 
of the perforations, quantity of the solder paste 50 applied 

25 onto the barrier metal layers can be made substantially equal 
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among the rows of perforations 7a, 7b, 7c, even when the solder 
paste 50 located in the vicinity of the row of perforations 
7a having higher density of arrangement of the perforations 
than that near the row of perforations 7b, 7c experiences 
vigorous rotation and flow of the solder paste on the mask 
resulting in lower viscosity than that of the solder paste 
50 located in the vicinity of the row of perforations 7b, 7c. 
(4) Then as shown in Fig. 8C, the solder paste 50 applied to 
the barrier metal layers 3 is dried, and then ref lowed so that 
the solder particles included in the solder paste 50 melt and 
fuse with each other, and is cooled so that spherical solder 
bumps 5 having substantially the same sizes are formed on the 
barrier metal layers 3 . 

In this embodiment, the density of arrangement of the 
perforations may be varied within a row of perforations. In 
this case, too, an opening area of perforation is set to be 
smaller in the region having higher density of arrangement 
of perforations as shown in Fig. 9. This makes it possible 
to make the quantity of the solder paste 50 applied onto the 
barrier metal layers 3 substantially equal among all the 
perforations 7, thus making the sizes of the solder bumps formed 
on the barrier metal layers 3 of the electronic components 
equal . 

The print mask may be made of a resin such as polyimide, 
polyester or polyethylene, instead of the metal sheet 8 having 



•27- 



a number of perforations 7 formed therein. 

In another embodiment, the invention can be applied to, 
besides the formation of the solder bumps of the flip-chip 
IC, formation of solder bumps provided on other electronic 
5 components such as resistor and capacitor. 

For the printing paste, other electrically conductive 
paste such as silver paste may be used in addition to the solder 
paste 50, to which bump electrode can be formed. 

In the embodiments described above, forming the 
10 perforations 7 in oval or elongated elliptic shape with the 
longitudinal direction thereof disposed perpendicular to the 
moving direction of the squeegee has such an advantage that 
very precise quantity of the solder paste can be applied onto 
the barrier metal layers. 
15 According to the present invention, as described above, 

since the opening area of the perforations formed in the mask 
for screen printing is set smaller in a region where the density 
of arrangement of the perforations is higher, quantity of the 
printing paste applied onto the barrier metal layers can be 
20 made substantially equal among all the perforations even when 
viscosity of the printing paste is decreased in the vicinity 
of a region where the density of arrangement of the perforations 
is higher, thus making the sizes of the bumps formed on the 
barrier metal layers of the electronic components equal so 
25 that high quality electronic components can be obtained. 
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It is understood that scope of the present invention 
is not limited to the embodiments described above, and various 
modifications and improvements can be made without deviating 
from the scope and spirit of the claims of the present invention. 
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